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What is claimed is: 

1. A method for adjusting fractional amounts of primary 
colors to be combined to substantially match a user 
selected color and substrate characteristics in a device 
adapted to color printing on a substrate, the method 
comprising the steps of: 



determining a compensated target transmission spectrum, 

{X) of a printable ink layers- 
opt imi zing an uncompensated target transmission spectrum, 
{X) of a printable ink layer; and 

comparing Tyn-comp iX) with Tcor^p iX) plus a predetermined 
delta and sele cting fractional amounts of primary colors 
to be combined to substantially"^matcK~^the user selected 
color and the substrate characterls'tl'c^T^ 

2- A method as in claim 1 wherein the step of determining 
the compensated target transmission spectrum, Tcomp (^) / 
further comprises the steps of: 

determinini^ a color refl*etl6rt fepectrum , Rtgt (^) ; - 



determiniii^ i Substrate r4flfeeki;on spectrum , Rb(X)-; 

determin ; •• an average front surface silbstrate 
refiectiiih, ktsP and 



1 k 
• ^ ^ 



91 96Bd Ztl89Q939lZ ^ GO illOO ^OJ^ uidgt^: 



14 



combining Rzqz(^) , R,(^)^ *n<i Rfs to produce the target ^ 

ml'fekod k'k ] in clairo 2 wherein the step of combining 
ftigtdV/ R^lX)^ and Rfs to produce a target transmission 
spectrum, Tcomp {^) further comprises the steps of: 

determining Tcomp ^ according to the equation: 
Tcomp (?^) = SQRT {(Rt,t(X)- Ku)/ (d-Rfs)* 
where SQRT = square root of. 

4. A method as in claim 1 wherein the step of optimizing 
the uncompensated target transmission spectrum, iX) 
further comprises t^k Step of optimizing: 

Tun-cw (^) = F(PMAj, a^^[X), j»l/n) 

where ■ > 

PMAj = the printed mass per unit area asso^iktfed with 
the primary colorant j; and 

A 

ttj = the absorption coefficient of the j-th colorant 
at wavelength 

5. A method as in claim 4 wherein the ste^ , 6f ' (S>ptimizing 
Tun-oomp(X) .further comp^rl6e$ the steps of: ^ . .; 

' il l. / ■];:: . . , 

measuring, r*df lection spie|btrd of Jinown PMAj fbif.j^l.n, 

" ' ^ i • ! ■ , i I 

where n-i^jth^ number of primary colorants; 

determinifl^ ^dj jXl , ^. an<;J , Empirical adjustments to the 
approxlttiatfe 6<juafeicift/ t 
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where exp = 2.71828..., such that the accuracy of the 
empirical equation, R{?i) = Kta + (l-RfJ *T (X) (X) *T (\) , 
is improved; and 

selecting "at least one combination of PMAj such that the 
calculated Tun-ccmp(X) plus or minus the predetermined delta 
substantially equals 

6. A method as in claim 5 wherein the step of selecting at 
least one combination of Ns-j, and "ElCr^ further comprises 
the steps of: 

determining a printed mass per unit area (PMA) per 
primary color, PMAj; 

determining the total PMAtot according to LjPMAj, for 
j« 1 to n, where n= number of primary colors; 

calculating the fractional amount of primary color, 
Fj, according to Fj PKA.j/PMAtot; and 

determining if the fractional amount Fj is below a 
predetermined reservoir level for that j-th color 
and selecting an alternate combination of PMAj such 
that the calculated Tun-comp(X) plus or minus the 
predetermined delta substantially equals TcompO.)-- 

7. A method as in claim 1 wherein the step of comparing 
Tun-cornp (^) with Tcomp plus a predetermined delta and 
selecting fractional amounts of primary colors to be 
combined further comprises the step of selecting 
fractional amounts of primary colors from a composition 
table. 




.8. A method as in claim 2 wherein the step of determining 
the color reflection spectrum coefficient, Rtqt(^) further 
comprises the step of selecting Rtgt from a database. 

9. A {iiethod as in claim 2 wherein the step of determining 
the substrate reflection spectrum coefficient, Rfi(X) 
further comprises the step of selecting Rs(^) from a 
database . 

10. A method as in claim 2 wherein the step of 
determining the substrate reflection spectrum 
coefficient, R^CX-) further comprises the step of selecting 
Ra(^) from a database. 

11. A method as in claim 2 wherein the step of 
determining the substrate reflection spectrum 
coefficienti ^bCK) further comprises the step of measuring 

12- A method as in claim 2 wherein the step of 

determining the sub$trate reflection spectrum 
coefficient/ Rs{^) further comprises the step of reading 
R, (X) from a packaging label. 

13. A method as in claim 2 wherein the step of 
determining the substrate reflection spectrum 
coefficient, Rfa further comprises the step of selecting 
Rf$ from a database. 

14, A method as in claim 2 wherein the step of 
determining the substrate reflection spectrum 
coefficient, Ru further comprises the step of measuring 
Rfs- 
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15. ;v methoci as in claim 2 wherein the step of 
determining the substrate reflection spectrum 
coefficient^ R^a further comprises the step of reading Rf^ 
from a packaging label- 

16* A method for determining optical characteristics of a 
substrate to be printed on and adjusting color components 
of a desired color to compensate for said optical 
characteristics, the method comprising the steps of; 

determining optical characteristics of a desired color; 

determining optical characteristics of the substrate to 
be printed on; and 

nj comparing the optical characteristics of the desired 

'If color^and the optical characteristics of the substrate to 

O be printed on /and adjusting thej ^olor compo nents! of th^ 

'-^ desired color to compensate for said optical 

P characteristics of the substrate to be printed on, 

hi 17, A method as in claim 16 wherein the step of 

determining the optical characteristics for the desired 

O color further comprises the step of determining the 
r eflection spectrum of the ,,desired jcglor ■ 

18* A method as in claim 16 wherein the .step of 
determining optical characteristics of the substrate ^to 
be printed on further comprises the steps of: 

determining the reflection spectrum of the substrate to 
be printed on; and 

determining the average front surface reflection of the 
substrate to be printed on* 
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19. A;-- color mixing system in an apparatus adapted to 
printing color documents, the system comprising: 

a source of a plurality of primary colorants; 

at least one optical characteristic source; 

at least one user interface/ and 

a controller connectable to the at least one optical 
characteristic source and the at least one user 
interface, wherein the controller controls ^^xin^of a 
plurality of primary colors from the source of primary 

colorants in respon se to the at lea_3 t one optical 

characteristic source and the at least one user 
interface. 



20, A color mixing system as in claim 19 wherein the at 
least one optical characteristic source further comprises 
a substrate reflection spectrum Rs(X) sensing device, 
alternatively the at least one optical characteristic 
source comprises a stored table of Rs(X) values* 

21, A color mixing system as in claim 19 wherein the at 
least one optical characteristic source is a substrate 
average front surface reflection Rfs sensing device, or a 
stored table of Rfs values. 

22, A color mixing system as in claim 19 wherein the at 
least one optical characteristic source further comprises 
a reflection spectrum database having at least one 
reflection spectrum Rt<;3t(^> <=>f a user selected color. 
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23 . ; I^ograiti storage device readable by a machine/ 
tangibly embodying a program of instructions executable 
by ' t&fe machine to perform method steps for adjusting 
fractional amounts of primary colors to be combined to 
substantially match a user selected color and substrate 
characteristics in a device adapted to color printing on 
a substrate, the method comprising the steps of; 

determining a compensated target transmission 
spectrum, Tcomp (^) of a printable ink layer, further 
comprises the steps of determining a color reflection 
spectrum , Rtgr{^)/ determining a substrate reflection 
spectrum , R*{X), determining an average front surface 
substrate reflection, Rfe, combining Rt9t(^)/ Rsl^)/ and Rfg 
to produce the target transmission spectrum, Tcomp (A.) ; 

optimizing an uncompensated target transmission spectrum, 
Tun-comp of a printable ink layer, further comprises the 
step of optimizing: 

<^ (^) oKP( SjC t jUC, (;^H -, Where exp- 2.71828 , , . 

ri - Q math e metloal uia&s a^aociateJ wlLU each piiitiaiy 

, = the ma.s1-p7: — c urve — aasooiated vuth — eech 

.^C ^ primary color 4-^^ ^ sj.^ci^^ 



optimizing an uncompensated target transmission spectrum, 
Tun-comp (X) of a printable ink layer, further comprises the 
steps of: 
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adjusting PMAj to minimize differences between Tun- 
cor-.p{X) » F[ PMAj, a^{\), j - 1,N ] and T^omp(^) ^ where 
PMAj is the printed mass per unit area of the j-th 
primary color, aj (X) is the absorption coefficient of 
the j-th primary color at wavelength X; and 

comparing Tun-comp{^) with Toomp(?^) plus or minus a 
predetermined delta and selecting fractional amounts 
of primary colors to be combined to substantially 
match the user selected color and the substrate 
characteristics • 
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